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(57)  Atemperature control device (14) comprising a
temperature estimation component (81) configured to es-
timate the temperature of a temperature controlled target
to which heatis propagated by supplying power to a heat-
er (73); a duty generation component (87) configured to
generate a duty value based on a temperature estimation
result by the temperature estimation component, a tem-
perature detection result of the temperature controlled
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target by a temperature sensor (74), and a target tem-
perature; and a signal generation component (89) con-
figured to output an energization pulse to control the pow-
er supplied to the heater based on the duty value, wherein
the temperature estimation component is further config-
ured to estimate the temperature of the temperature con-
trolled target based on the duty value.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2022-116464, filed on July 21, 2022, the entire contents
of which are incorporated herein by reference.

FIELD

[0002] Embodiments describedhereinrelate generally
to temperature control devices and image forming appa-
ratuses.

BACKGROUND

[0003] An image forming apparatus includes a fixing
device fixing a tonerimage on a print medium by applying
heat and pressure to the print medium by the fixing de-
vice. The fixing device includes a fixing rotator (heat roll-
er), a pressing member (press roller), a heating member
(lamp or induction heating (IH) heater, or the like), and a
temperature sensor. The temperature sensor detects a
surface temperature of the heat roller.

[0004] A controller controlling the fixing device controls
the surface temperature of the heatroller to a target value
by increasing or decreasing the amount of energization
power supplied to the heater based on the detection sig-
nal (temperature sensor signal) of the temperature sen-
sor.

[0005] If a deviation (or time lag) occurs between the
temperature detected by the temperature sensor and the
surface temperature of the heat roller, overshoot, tem-
perature ripple, or the like may occur. Therefore, to pre-
ventthe occurrence of the overshoot and the temperature
ripple, a temperature sensor (for example, a thermopile,
or the like) with good responsiveness is required. How-
ever, there is a problem in that the temperature sensor
with good responsiveness has high cost.

[0006] To solve such a problem, a technique for esti-
mating the surface temperature of the heat roller based
on the energization pulse is studied. However, if a fre-
quency of the energization pulse is high, sine temporal
accuracy is required for detecting a change in the pulse,
high speed sampling is essential. As a result, processing
load on the processing circuit such as a central process-
ing unit (CPU) increases.

SUMMARY OF THE INVENTION

[0007] One of the objects of the present invention is to
improve prior arttechniques and overcome atleast some
of the prior art problems as for instance above illustrated
According to a first aspect of the present invention, it is
provided a temperature control device, , comprising:

a temperature estimation component configured to
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estimate the temperature of the temperature control-
led target of a temperature controlled target to which
heat is propagated by supplying power to a heater;
a duty generation component configured to generate
a duty value based on a temperature estimation re-
sult by the temperature estimation component, a
temperature detection result of the temperature con-
trolled target by a temperature sensor, and a target
temperature; and

a signal generation component configured to output
an energization pulse to control the power supplied
to the heater based on the duty value, wherein

the temperature estimation component is further
configured to estimate the temperature of the tem-
perature controlled target based on the duty value.

[0008] Optionally,inthe temperature control device ac-
cording to the first aspect of the invention, the tempera-
ture estimation component estimates the temperature of
the temperature controlled target based on a history of
the temperature estimation result and the duty value.
[0009] Optionally, the temperature control device ac-
cording to the first aspect of the invention further com-
prises alimit component configured to limit the duty value,
wherein the signal generation component outputs the en-
ergization pulse based on the duty value after limitation
by the limit component, and the temperature estimation
component estimates the temperature of the tempera-
ture controlled target based on the duty value after the
limitation.

[0010] Optionally,inthe temperature control device ac-
cording to the first aspect of the invention, the duty gen-
eration component calculates the duty value based on a
difference between the target temperature and a correct-
ed temperature value based on the temperature estima-
tion result and the temperature detection result.

[0011] Optionally,inthe temperature control device ac-
cording to the first aspect of the invention, the tempera-
ture estimation component estimates a surface temper-
ature of a heat roller.

[0012] Optionally, the temperature control device ac-
cording to the first aspect of the invention further com-
prises a difference comparison component configured to
perform a difference calculation process.

[0013] Optionally,inthe temperature control device ac-
cording to the first aspect of the invention, the difference
calculation process involves comparing the target tem-
perature and a corrected temperature value.

[0014] According to a second aspect of the invention,
it is provided an image forming apparatus, comprising a
fixing device having a fixing rotator configured to heat a
toner image formed on a medium to fix the toner image
on the medium; and a heater configured to heat the fixing
rotator; and a temperature controller configured to control
a temperature of the fixing rotator to which heat is prop-
agated by supplying power to the heater, wherein the
temperature controller includes a temperature estimation
component configured to estimate the temperature of the
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fixing rotator, a duty generation component configured
to generate a duty value based on a temperature esti-
mation result by the temperature estimation component,
a temperature detection result of the fixing rotator by a
temperature sensor, and target temperature, and a signal
generation component configured to output an energiza-
tion pulse to control the power supplied to the heater
based on the duty value, and the temperature estimation
component configured to estimate the temperature of the
fixing rotator based on the duty value.

[0015] Optionally, in the image forming apparatus ac-
cording to the second aspect of the invention, the tem-
perature estimation component estimates the tempera-
ture of the temperature controlled target based on a his-
tory of the temperature estimation result and the duty
value.

[0016] Optionally, the image forming apparatus ac-
cording to the second aspect of the invention further com-
prises alimit component configured to limit the duty value,
wherein the signal generation component outputs the en-
ergization pulse based on the duty value after limitation
by the limit component, and the temperature estimation
component estimates the temperature of the tempera-
ture controlled target based on the duty value after the
limitation.

[0017] Optionally, in the image forming apparatus ac-
cording to the second aspect of the invention, the duty
generation component calculates the duty value based
on a difference between the target temperature and a
corrected temperature value based on the temperature
estimation result and the temperature detection result.
[0018] Optionally, in the image forming apparatus ac-
cording to the second aspect of the invention, the tem-
perature estimation component estimates a surface tem-
perature of a heat roller.

[0019] Optionally, the image forming apparatus ac-
cording to the second aspect of the invention further com-
prises a difference comparison component configured to
perform a difference calculation process.

[0020] Optionally, in the image forming apparatus ac-
cording to the second aspect of the invention, the differ-
ence calculation process involves comparing the target
temperature and a corrected temperature value.

[0021] According to a third aspect of the invention, it
is provided a temperature control method, comprising
supplying power to a heater to change a temperature of
a temperature controlled target; estimating the temper-
ature of the temperature controlled target; generating a
duty value based on a temperature estimation result, a
temperature detection result of the temperature control-
led target by a temperature sensor, and a target temper-
ature; outputting an energization pulse for controlling the
power supplied to the heater based on the duty value;
and estimating the temperature of the temperature con-
trolled target based on the duty value.

[0022] Optionally, in the temperature control method
according to the third aspect of the invention, estimating
the temperature of the temperature controlled target is
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based on a history of the temperature estimation result
and the duty value.

[0023] Optionally, the temperature control method ac-
cording to the third aspect of the invention further com-
prises limiting the duty value; outputting the energization
pulse based on the duty value after limitation; and esti-
mating the temperature of the temperature controlled tar-
get based on the duty value after limitation.

[0024] Optionally, in the temperature control method
according to the third aspect of the invention, calculating
the duty value based on a difference between the target
temperature and a corrected temperature value is based
on the temperature estimation result and the temperature
detection result.

[0025] Optionally, the temperature control method ac-
cording to the third aspect of the invention further com-
prises calculating the duty value based on a difference
between the target temperature and a corrected temper-
ature value based on the temperature estimation result
and the temperature detection result.

[0026] Optionally, the temperature control method ac-
cording to the third aspect of the invention further com-
prises estimating a surface temperature of a heat roller.

DESCRIPTION OF the DRAWINGS
[0027]

FIG. 1is a diagram illustrating an example of a con-
figuration of an image forming apparatus according
to one embodiment;

FIG. 2 is a diagram illustrating an example of a con-
figuration of a heater energization control circuit;
FIG. 3 is a diagram illustrating a thermal circuit rep-
resenting heat transfer for obtaining a temperature
estimation result;

FIG. 4 is a diagram illustrating an example of an op-
eration of the heater energization control circuit;
FIG. 5 is a diagram illustrating an example of an op-
eration of the heater energization control circuit;
FIG. 6 is a diagram illustrating an example of an op-
eration of the heater energization control circuit;
FIG. 7 is a diagram illustrating an example of an op-
eration of the heater energization control circuit;
FIG. 8 is a diagram illustrating an example of target
temperature;

FIG.9isadiagramillustrating arelationship between
a difference DIF and a duty value DUTY;

FIG. 10isadiagramillustrating an energization pulse
train generated by the heater energization control
circuit;

FIG. 11 is a diagram illustrating a relationship be-
tween a duty value and generated power and a re-
lationship between an energization pulse train and
generated power; and

FIG. 12 is a diagram illustrating a sampling example
of duty values.
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DETAILED DESCRIPTION

[0028] A problem to be solved by embodiments is to
provide a temperature control device and an image form-
ing apparatus capable of preventing occurrence of tem-
perature ripples while preventing an increase in process-
ing load.

[0029] In general, according to one embodiment, a
temperature control device is a temperature control de-
vice controlling temperature of a temperature controlled
target to which heat is propagated from a heater by sup-
plying power to a heater, the temperature control device
including: a temperature estimation unit; a duty genera-
tion unit; and a signal generation unit. The temperature
estimation unit estimates the temperature of the temper-
ature controlled target based on a duty value. The duty
generation unit generates the duty value based on a tem-
perature estimation result by the temperature estimation
unit, a temperature detection result of the temperature
controlled target by a temperature sensor, and a target
temperature. The signal generation unit outputs an en-
ergization pulse for controlling power supplied to the
heater based on the duty value.

[0030] Hereinafter, a temperature control device and
an image forming apparatus according to one embodi-
ment will be described with reference to the drawings.
FIG. 1 is an explanatory diagram illustrating a configura-
tion example of an image forming apparatus 1 according
to one embodiment.

[0031] Theimage forming apparatus 1 is, for example,
a multifunction peripheral (MFP) performing various
processes such as image formation while conveying a
print medium P. The image forming apparatus 1 is, for
example, a solid-state scanning printer (for example, a
light emitting diode (LED) printer) scanning LED array
performing various processes such as image formation
while conveying the print medium P.

[0032] For example, the image forming apparatus 1 is
configured to receive toner from a toner cartridge and
form an image on the print medium P by using the re-
ceived toner. The toner may be monochromatic toner or
colored toner such as cyan, magenta, yellow and black.
The toner may be a decolorable toner that is decolorized
if heat is applied to the toner.

[0033] As illustrated in FIG. 1, the image forming ap-
paratus 1 includes a housing 11, a communication inter-
face 12, a system controller 13, a heater energization
control circuit 14, a display unit 15, an operation interface
16, a plurality of paper trays 17, a paper discharge tray
18, a conveying unit 19, an image forming unit 20, and
a fixing device 21.

[0034] The housing 11 is a main body of the image
forming apparatus 1. The housing 11 accommodates the
communication interface 12, the system controller 13,
the heater energization control circuit 14, the display unit
15, the operation interface 16, the plurality of paper trays
17, the paper discharge tray 18, the conveying unit 19,
the image forming unit 20, and the fixing device 21.
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[0035] First, a configuration of the control system of
the image forming apparatus 1 will be described.
[0036] The communication interface 12 is an interface
for communicating with other devices. The communica-
tioninterface 12 is used, for example, for communication
with a host device (external device). The communication
interface 12 is configured as, for example, a local area
network (LAN) connector or the like. The communication
interface 12 may perform wireless communication with
other devices according to standards such as Bluetooth
(registered trademark) or Wi-fi (registered trademark).
[0037] The system controller 13 controls the image
forming apparatus 1. The system controller 13 includes,
for example, a processor 22 and a memory 23.

[0038] The processor 22 is an arithmetic operation el-
ement executing arithmetic processing. The processor
22 is, for example, a CPU. The processor 22 performs
various processes based on data such as programs
stored in the memory 23. The processor 22 functions as
a control unit capable of executing various operations by
executing programs stored in the memory 23.

[0039] The processor 22 performs various information
processing by executing the programs stored in the mem-
ory 23. For example, the processor 22 generates the print
job based on an image acquired from an external device
via communication interface 12. The processor 22 stores
the generated print job in memory 23.

[0040] The print job includes image data representing
an image to be formed on the print medium P. The image
data may be data for forming an image on one print me-
dium P or may be data for forming an image on a plurality
of print media P. The print job includes information indi-
cating whether the printing is color printing or mono-
chrome printing. The print job may include information
such as the number of copies to be printed (number of
page sets), the number of copies to be printed per copy
(number of pages), and the like.

[0041] The processor 22 generates print control infor-
mation for controlling the operations of the conveying unit
19, the image forming unit 20, and the fixing device 21
based on the generated print job. The print control infor-
mation includes information indicating the timing of paper
feeding. The processor 22 supplies the print control in-
formation to the heater energization control circuit 14.
[0042] The processor 22 functions as a controller (en-
gine controller) controlling the operations of the convey-
ing unit 19 and the image forming unit 20 by executing
programs stored in the memory 23. That is, the processor
22 controls conveying of the print medium P by the con-
veying unit 19, forming of the image on the print medium
P by the image formation unit 20, and the like.

[0043] The memory 23 is a storage medium storing
programs and data used in the programs. The memory
23 also functions as a working memory. Thatis, the mem-
ory 23 temporarily stores data being processed by the
processor 22, programs executed by the processor 22,
and the like.

[0044] Note that the image forming apparatus 1 may
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be configured to include an engine controller separately
from the system controller 13. Here, the engine controller
controls conveying of the print medium P by the convey-
ing unit 19, forming of the image on the print medium P
by the image formation unit 20, and the like. Here, the
system controller 13 supplies information necessary for
control in the engine controller to the engine controller.
[0045] Theimage forming apparatus 1 includes a pow-
er conversion circuit (not illustrated) that supplies DC
voltage to various components within the image forming
apparatus 1 by using AC voltage of an AC power supply
AC. The power conversion circuit supplies the DC voltage
required for operations of the processor 22 and the mem-
ory 23 to the system controller 13. The power conversion
circuit also supplies the DC voltage necessary for image
formation to the image forming unit 20. The power con-
version circuit supplies the DC voltage required for con-
veying the print medium P to the conveying unit 19. The
power conversion circuit supplies the DC voltage for driv-
ing the heater of the fixing device 21 to the heater ener-
gization control circuit 14.

[0046] The heater energization control circuit 14 is a
temperature control device (temperature control unit)
controlling energization of the heater to the fixing device
21 described later. The heater energization control circuit
14 generates energization power PC for energizing the
heater of the fixing device 21 and supplies the energiza-
tion power to the heater of the fixing device 21. The de-
tailed description of the heater energization control circuit
14 will be made later.

[0047] Thedisplay unit15includes adisplay displaying
ascreen according to a video signal inputfrom the system
controller 13 or a display control unit such as a graphic
controller (not illustrated). For example, screens for var-
ious settings of the image forming apparatus 1 on the
display of the display unit 15 are displayed.

[0048] The operation interface 16 includes an opera-
tion member. The operation interface 16 supplies an op-
eration signal corresponding to the operation of the op-
eration member to the system controller 13. The opera-
tion members are, for example, touch sensors, numeric
keys, power keys, paper feed keys, various function keys,
or keyboards. The touch sensor acquires information in-
dicating a specified position within a certain area. The
touch sensor is integrated with the display unit 15 as a
touch panel and inputs a signal indicating a touched po-
sition on the screen displayed on the display unit 15 to
the system controller 13.

[0049] The plurality of papertrays 17 are cassettes ac-
commodating the print media P, respectively. The paper
tray 17 is configured so that the print medium P can be
supplied from the outside of the housing 11. Forexample,
the paper tray 17 is configured to be able to be pulled
out from the housing 11.

[0050] The paperdischarge tray 18is atray supporting
the print medium P discharged from the image forming
apparatus 1.

[0051] Next, aconfiguration for conveyingthe print me-
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dium P of the image forming apparatus 1 will be de-
scribed.

[0052] The conveying unit 19 is a mechanism for con-
veying the print medium P within the image forming ap-
paratus 1. As illustrated in FIG. 1, the conveying unit 19
has a plurality of conveyance paths. For example, the
conveying unit 19includes a paper feed conveyance path
31 and a paper discharge conveyance path 32.

[0053] Eachofthe paperfeed conveyance path 31 and
the paper discharge conveyance path 32 is configured
with a plurality of motors, a plurality of rollers, and a plu-
rality of guides (not illustrated). The plurality of motors
rotate shafts under the control of the system controller
13, so that the rollers interlocking with the rotation of the
shafts are rotated. The plurality of rollers move the print
medium P by rotating. The plurality of guides control a
conveyance direction of the print medium P.

[0054] The paper feed conveyance path 31 takes in
the print medium P from the paper tray 17 and supplies
the taken-in print medium P to the image forming unit 20.
The paper feed conveyance path 31 includes pickup roll-
ers 33 corresponding to the respective paper trays. Each
pickup roller 33 takes in the print medium P from the
paper tray 17 into the paper feed conveyance path 31.
[0055] The paper discharge conveyance path 32 is a
conveyance path for discharging the print medium P on
which an image is formed from the housing 11. The print
medium P discharged by the paper discharge convey-
ance path 32 is supported by the paper discharge tray 18.

[0056] Next, the image forming unit 20 will be de-
scribed.
[0057] The image forming unit 20 is configured to form

an image on the print medium P. Specifically, the image
forming unit 20 forms an image on the print medium P
based on the print job generated by the processor 22.
[0058] The image forming unit 20 includes a plurality
of process units 41, a plurality of exposing devices 42,
and a transfer mechanism 43. The image forming unit 20
includes the exposing device 42 for each process unit
41. Note that, since the plurality of process units 41 and
the plurality of exposing devices 42 have the same con-
figuration, one process unit 41 and one exposing device
42 will be described.

[0059] First, the process unit 41 will be described.
[0060] The process unit41is configured toform atoner
image. For example, the plurality of process units 41 are
provided for respective types of toner. For example, the
plurality of process units 41 correspond to respective
color toners such as cyan, magenta, yellow, and black.
Specifically, the process units 41 are connected to re-
spective toner cartridges containing toners of different
colors.

[0061] The toner cartridge includes a toner container
and a toner delivery mechanism. The toner container is
a container containing the toner. The toner delivery
mechanism is a mechanism configured with a screw and
the like for delivering the toner in the toner container.
[0062] The process unit 41 includes a photosensitive
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drum 51, an electrostatic charger 52, and a developer 53.
[0063] The photosensitive drum 51 is a photosensitive
member including a cylindrical drum and a photosensitive
layer formed on an outer peripheral surface of the drum.
The photosensitive drum 51 is rotated at a constant
speed by a driving mechanism (not illustrated).

[0064] The electrostatic charger 52 uniformly charges
a surface of the photosensitive drum 51. For example,
the electrostatic charger 52 charges the photosensitive
drum 51 to a uniform negative potential (contrast poten-
tial) by applying a voltage (development bias voltage) to
the photosensitive drum 51 by using a charging roller.
The charging roller is rotated by rotation of the photosen-
sitive drum 51 while applying a predetermined pressure
to the photosensitive drum 51.

[0065] The developing device 53 is a device causing
toner to adhere to the photosensitive drum 51. The de-
veloping device 53 includes a developer container, a stir-
ring mechanism, a developing roller, a doctor blade, an
automatic toner control (ATC) sensor, and the like.
[0066] The developer container is a container receiv-
ing and containing the toner delivered from the toner car-
tridge. The carriers are contained in advance in the de-
veloper container. The toner delivered from the toner car-
tridge is stirred with the carriers by the stirring mechanism
to form the developer in which the toner and the carriers
are mixed. The carriers are contained in the developer
container if the developing device 53 is manufactured.
[0067] The developing roller adheres the developer to
the surface of the developing roller by rotating within the
developer container. The doctor blade is a member ar-
ranged at a predetermined distance from the surface of
the developing roller. The doctor blade removes some
of the developer adhering to the surface of the rotating
developing roller. Accordingly, a developer layer having
athickness corresponding to adistance between the doc-
tor blade and the surface of the developing roller is
formed on the surface of the developing roller.

[0068] The ATC sensoris, for example, a magnetic flux
sensor having a coil and detects a voltage value gener-
ated in the coil. The detected voltage of the ATC sensor
changes depending on a density of the magnetic flux
from the toner inside the developer container. That is,
the system controller 13 determines a concentration ratio
(toner concentration ratio) of the toner remaining in the
developer container to the carriers based on the voltage
detected by the ATC sensor. The system controller 13
operates a motor (not illustrated) driving the delivery
mechanism of the toner cartridge based on the toner con-
centration ratio to deliver the toner from the toner car-
tridge to the developer container of the developing device
53.

[0069] Next, the exposing device 42 will be described.
[0070] The exposing device 42 has a plurality of light
emitting elements. The exposing device 42 forms a latent
image on the photosensitive drum 51 by irradiating the
charged photosensitive drum 51 with light from the light
emitting element. The light emitting element is, for exam-
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ple, a light emitting diode (LED). One light emitting ele-
ment is configured to irradiate one point on the photo-
sensitive drum 51 with light. The plurality of light emitting
elements are arranged in a main scanning direction par-
allel to a rotation axis of the photosensitive drum 51.
[0071] The exposing device 42 forms the latent image
for one line on the photosensitive drum 51 by irradiating
the photosensitive drum 51 with light from the plurality of
light emitting elements arranged in the main scanning
direction. The exposing device 42 continuously irradiates
the rotating photosensitive drum 51 with light to form the
latent image of a plurality of lines.

[0072] Inthe above-described configuration, if the sur-
face of the photosensitive drum 51 charged by the elec-
trostatic charger 52 is irradiated with light from the ex-
posing device 42, the electrostaticlatentimage is formed.
If the developer layer formed on the surface of the de-
veloping roller approaches the surface of the photosen-
sitive drum 51, the toner contained in the developer ad-
heres to the latent image formed on the surface of the
photosensitive drum 51. Accordingly, the toner image is
formed on the surface of the photosensitive drum 51.
[0073] Next, the transfer mechanism 43 will be de-
scribed.

[0074] The transfer mechanism 43 is configured to
transfer the toner image formed on the surface of the
photosensitive drum 51 to the print medium P.

[0075] The transfer mechanism 43 includes, for exam-
ple, a primary transfer belt 61, a secondary transfer facing
roller 62, a plurality of primary transfer rollers 63 and sec-
ondary transfer rollers 64.

[0076] The primary transfer belt 61 is an endless belt
wound around the secondary transfer facing roller 62 and
a plurality of winding rollers. The primary transfer belt 61
allows an inner surface (inner peripheral surface) to be
in contact with the secondary transfer facing roller 62 and
the plurality of winding rollers and allows an outer surface
(outer peripheral surface) to face the photosensitive drum
51 of the process unit 41.

[0077] The secondary transfer facing roller 62 is rotat-
ed by a motor (not illustrated). The secondary transfer
facing roller 62 rotates to convey the primary transfer belt
61inapredetermined conveyance direction. The plurality
of winding rollers are configured to be freely rotatable.
The plurality of winding rollers rotate along with move-
ment of the primary transfer belt 61 by the secondary
transfer facing roller 62.

[0078] The plurality of primary transfer rollers 63 are
configured to allow the primary transfer belt 61 to be in
contact with the photosensitive drums 51 of the process
unit 41. The plurality of primary transfer rollers 63 are
provided to correspond to the photosensitive drums 51
of the plurality of process units 41. Specifically, the plu-
rality of primary transfer rollers 63 are provided at posi-
tions facing the photosensitive drums 51 of the corre-
sponding process units 41 with the primary transfer belt
61 interposed therebetween. The primary transfer roller
63 is allowed to be in contact with the inner circumferen-
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tial surface of the primary transfer belt 61 and displaces
the primary transfer belt 61 toward the photosensitive
drum 51. Accordingly, the primary transfer roller 63 al-
lows the outer peripheral surface of the primary transfer
belt 61 to be in contact with the photosensitive drum 51.
[0079] The secondary transfer roller 64 is provided at
the position facing the primary transfer belt 61. The sec-
ondary transfer roller 64 is allowed be in contact with the
outer peripheral surface of the primary transfer belt 61
and applies pressure to the outer peripheral surface. Ac-
cordingly, a transfer nip is formed in which the secondary
transfer roller 64 and the outer peripheral surface of the
primary transfer belt 61 are in close contact with each
other. If the print medium P passes through the transfer
nip, the secondary transfer roller 64 presses the print
medium P passing through the transfer nip against the
outer peripheral surface of the primary transfer belt 61.
[0080] The secondary transfer roller 64 and the sec-
ondary transfer facing roller 62 rotate to convey the print
medium P supplied from the paperfeed conveyance path
31 in a sandwiched state. Accordingly, the print medium
P can pass through the transfer nip.

[0081] Inthe above-described configuration, if the out-
er peripheral surface of the primary transfer belt 61 is in
contact with the photosensitive drum 51, the toner image
formed on the surface of the photosensitive drumis trans-
ferred to the outer peripheral surface of the primary trans-
fer belt 61. If the image forming unit 20 includes the plu-
rality of process units 41, the primary transfer belt 61
receives the tonerimages from the photosensitive drums
51 of the plurality of process units 41. The toner image
transferred to the outer peripheral surface of the primary
transfer belt 61 is conveyed to the transfer nip in which
the secondary transfer roller 64 and the outer peripheral
surface of the primary transfer belt 61 are in close contact
with each other, by the primary transfer belt 61. If the
print medium P exists in the transfer nip, the tonerimage
transferred to the outer peripheral surface of the primary
transfer belt 61 is transferred to the print medium P at
the transfer nip.

[0082] Next, a configuration of the fixing of the image
forming apparatus 1 will be described.

[0083] The fixing device 21 fixes the toner image onto
the print medium P to which the toner image is trans-
ferred. The fixing device 21 operates under the control
of the system controller 13 and heater energization con-
trol circuit 14. The fixing device 21 includes the fixing
rotator, the pressing member, and the heating member.
The fixing rotator is, for example, a heat roller 71. The
heat roller 71 heats the toner image formed on the print
medium P to fix the toner image on the print medium P.
The pressing member is, for example, a press roller 72.
The heating member is, for example, a heater 73 heating
the heat roller 71. The fixing device 21 includes a tem-
perature sensor (thermal sensor) 74 detecting the tem-
perature of the heat roller 71.

[0084] The heatroller 71 is the fixing rotator rotated by
a motor (not illustrated). The heat roller 71 has a hollow
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core metal and an elastic layer formed on an outer pe-
riphery of the core metal. The heat roller 71 heats an
inside of the core metal by the heater 73 disposed inside
the core metal formed in a hollow shape. The heat gen-
erated inside the core metal is transferred to the surface
(that is, the surface of the elastic layer) of the heat roller
71 which is the outside.

[0085] The press roller 72 is provided at the position
facing the heat roller 71. The press roller 72 has a core
metal with a predetermined outer diameter and an elastic
layer formed on an outer periphery of the core metal. The
press roller 72 applies pressure to the heat roller 71 by
stress applied from a tension member (not illustrated).
By applying pressure from the press roller 72 to the heat
roller 71, a nip (fixing nip) is formed in which the press
roller 72 and the heat roller 71 are in close contact with
each other. The press roller 72 is rotated by a motor (not
illustrated). The press roller 72 rotates to move the print
medium P entering the fixing nip and press the print me-
dium P against the heat roller 71.

[0086] The heater 73 is a device generating heat by
the energization power PC supplied from the heater en-
ergization control circuit 14. The heater 73 is, for exam-
ple, a halogen heater. The heater 73 heats the inside of
the core metal of the heat roller 71 by electromagnetic
waves radiated from a halogen lamp heater by energizing
the halogen lamp heater, which is a heat source, with the
energization power PC supplied from the heater ener-
gization control circuit 14. The heater 73 may be, for ex-
ample, an IH heater.

[0087] The temperature sensor 74 detects the temper-
ature of the heat roller 71. Herein, it is described that the
temperature sensor 74 detects the surface temperature
of the heat roller 71. The temperature sensor 74 may
detect the temperature of air near the surface of the heat
roller 71. The plurality of temperature sensors 74 may be
used. For example, the plurality of temperature sensors
74 may be arranged parallel to the rotation axis of the
heat roller 71. Note that the temperature sensor 74 may
be provided at a position where at least a change in the
surface temperature of the heatroller 71 can be detected.
The temperature sensor 74 supplies a temperature de-
tection result Td of the heat roller 71 by the temperature
sensor 74 to the heater energization control circuit 14.
The temperature detection result Td is a surface temper-
ature of the heat roller 71 detected by the temperature
sensor 74. The temperature detection result Td may also
refer to a signal indicating the surface temperature of the
heat roller 71 detected by the temperature sensor 74.
[0088] With the above-described configuration, the
heatroller 71 and the press roller 72 apply heat and pres-
sure to the print medium P passing through the fixing nip.
The toner on the print medium P is melted by the heat
applied by the heat roller 71 and coated to the surface
of the print medium P by the pressure applied by the heat
roller 71 and the press roller 72. Accordingly, the toner
image is fixed on the print medium P that passed through
the fixing nip. The print medium P that passed through
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the fixing nip is introduced into the paper discharge con-
veyance path 32 and discharged to the paper discharge
tray 18.

[0089] Next, the heater energization control circuit 14
will be described.

[0090] The heater energization control circuit 14 sup-
plies power to the heater 73 by controlling energization
to the heater 73 of the fixing device 21. The heater en-
ergization control circuit 14 controls the surface temper-
ature of the heat roller 71 to which heat is propagated
from the heater 73 by supplying power to the heater 73.
The heater energization control circuit 14 generates the
energization power PC for energizing the heater 73 of
the fixing device 21 and supplies the energization power
to the heater 73 of the fixing device 21.

[0091] As illustrated in FIG. 2, the heater energization
control circuit 14 includes a temperature estimation unit
81, an estimation history holding unit 82, a high frequency
component extraction unit 83, a coefficient addition unit
84, atarget temperature output unit 85, a difference com-
parison unit 86, a control duty generation unit 87, an ex-
ternal limit unit 88, a duty pulse conversion unit 89, and
a power supply circuit 90. The temperature detection re-
sult Td from the temperature sensor 74 is input to the
heater energization control circuit 14.

[0092] The temperature estimation unit 81 performs a
temperature estimation process for estimating the sur-
face temperature of the heat roller 71. The temperature
detection result Td from the temperature sensor 74, an
estimation history PREV from the estimation history hold-
ing unit 82, and a duty value LD from the external limit
unit 88 are input to the temperature estimation unit 81.
[0093] The estimation history PREV is a history of a
temperature estimation result EST by the temperature
estimation unit81. The estimation history PREV may also
refer to a signal indicating the history of the temperature
estimation result EST by the temperature estimation unit
81. The history of the temperature estimation results EST
by the temperature estimation unit 81 includes the plu-
rality of past temperature estimation results EST. The
temperature estimation result EST is the surface temper-
ature of the heat roller 71 estimated based on at least
the duty value LD by the temperature estimation unit 81.
The temperature estimation result EST may also refer to
a signal indicating the surface temperature of the heat
roller 71 estimated based on at least the duty value LD
by the temperature estimation unit 81.

[0094] The duty value LD is a duty value based on the
duty value DUTY. The duty value LD may also refer to a
signal indicating the duty value based on the duty value
DUTY. The duty value LD may have the same value as
the duty value DUTY or may be different from the duty
value DUTY. If the external limit unit 88 does not limit the
duty value DUTY, the duty value LD is the same duty
value as the duty value DUTY. If the external limit unit
88 limits the duty value DUTY, the duty value LD is a duty
value after limitation by the external limit unit 88 and is
different from the duty value DUTY.
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[0095] The duty value DUTY is a duty value generated
by the control duty generation unit 87. The duty value
DUTY may also refer to a signal indicating the duty value
generated by the control duty generation unit 87.
[0096] The temperature estimation unit 81 estimates
the surface temperature of the heat roller 71 based on
the duty value LD and generates the temperature esti-
mation result EST. The temperature estimation unit 81
outputs the temperature estimation result EST to the es-
timation history holding unit 82 and the high frequency
component extraction unit 83. As described above, the
duty value LD is a duty value based on the duty value
DUTY. Therefore, estimating the surface temperature of
the heat roller 71 based on the duty value LD is an ex-
ample of estimating the surface temperature of the heat
roller 71 based on the duty value DUTY. As described
above, the duty value LD may be a duty value after lim-
itation by the external limit unit 88. Therefore, estimating
the surface temperature of the heat roller 71 based on
the duty value LD includes estimating the surface tem-
perature of the heat roller 71 based on the duty value
after limitation by external limit unit 88.

[0097] In a typical example, the temperature estima-
tion unit 81 estimates the surface temperature of the heat
roller 71 based on the estimation history PREV and the
duty value LD and generates the temperature estimation
result EST. Estimating the surface temperature of the
heat roller 71 based on the estimation history PREV and
the duty value LD is an example of estimating the surface
temperature of the heatroller 71 based on the estimation
history PREV and the duty value DUTY. Estimating the
surface temperature of the heat roller 71 based on the
estimation history PREV and the duty value LD includes
estimating the surface temperature of the heat roller 71
based on the estimation history PREV and the duty value
after the limitation by the external limit unit 88.

[0098] The estimation history holding unit 82 holds the
estimation history PREV. The estimation history holding
unit 82 outputs the estimation history PREV to the tem-
perature estimation unit 81.

[0099] The high frequency component extraction unit
83 performs a high pass filter process for extracting high
frequency components of the temperature estimation re-
sult EST. For example, the high frequency component
extraction unit 83 cancels the DC component in the tem-
perature estimation result EST and extracts only the high
frequency component. The high frequency component
extraction unit 83 generates a high frequency component
HPF and outputs the high frequency component HPF to
the coefficient addition unit 84. The high frequency com-
ponent HPF is a high frequency component of the tem-
perature estimation result EST extracted by the high fre-
quency component extraction unit 83. The high frequen-
cy component HPF may also refer to a signal indicating
the high frequency component of the temperature esti-
mation result EST extracted by the high frequency com-
ponent extraction unit 83.

[0100] The coefficient addition unit 84 performs a co-
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efficient addition process for correcting the temperature
detection result Td. The temperature detection result Td
from the temperature sensor 74 and the high frequency
component HPF from the high frequency component ex-
traction unit 83 are input to the coefficient addition unit
84. The coefficient addition unit 84 corrects the temper-
ature detection result Td based on the high frequency
component HPF to generate a corrected temperature val-
ue WAE. The corrected temperature value WAE is a val-
ue obtained by correcting the temperature detection re-
sult Td based on the high frequency component HPF and
is the estimated surface temperature of the heat roller
71.The corrected temperature value WAE may also refer
to a signal indicating the value obtained by correcting the
temperature detection result Td based on the high fre-
quency component HPF. The coefficient addition unit 84
outputs the corrected temperature value WAE to the dif-
ference comparison unit 86.

[0101] Specifically, the coefficient addition unit 84 mul-
tiplies the high frequency component HPF and a preset
coefficient K. The coefficient addition unit 84 adds the
value obtained by multiplying the high frequency compo-
nent HPF and the coefficient K to the temperature detec-
tion result Td. The coefficient addition unit 84 obtains a
value obtained by (Td + K * HPF) as the corrected tem-
perature value WAE. Since the high frequency compo-
nent HPF is based on the temperature estimation result
EST, it can be said that the corrected temperature value
WAE is based on the temperature estimation result EST
and the temperature detection result Td. The coefficient
addition unit 84 is an example of an arithmetic unit ob-
taining corrected temperature value WAE.

[0102] For example, if the coefficient K is 1, the coef-
ficient addition unit 84 directly adds the high frequency
component HPF to the temperature detection result Td.
For example, if the coefficient K is 0.1, the coefficient
addition unit 84 adds a value of 1/10 of the high frequency
component HPF to the temperature detection result Td.
Here, the effect of the high frequency component HPF
is almost lost, and the temperature detection result be-
comes close to the temperature detection result Td. For
example, if the coefficient Kis 1 or more, the effect of the
high frequency component HPF can be expressed more
strongly. According to experiments, it is reported that the
coefficient K set in the coefficient addition unit 84 is not
a very extreme value, but a value in the vicinity of 1 is
good.

[0103] The target temperature output unit 85 performs
an output process for outputting a preset target temper-
ature TGT to the difference comparison unit 86. The tar-
gettemperature TGT is a target value of the surface tem-
perature of the heat roller 71. The target temperature
TGT may also refer to a signal indicating the target value
ofthe surface temperature of the heatroller 71. The target
temperature TGT can be changed by rewriting according
to an instruction from the processor 22. The target value
of the surface temperature of the heat roller 71 may be
stored in memory 23.
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[0104] For example, the target temperature TGT is set
for each printing process.

[0105] In one example, the target temperature TGT
varies depending on a quality of the print media P used
in each printing process. For example, the quality is thick-
ness. In general, the target temperature TGT is deter-
mined to maintain a predetermined temperature if the
printmedium P is plain paper. If the print medium P pass-
es through the fixing device 21, the amount of heat taken
from the heat roller 71 by the print medium P in the case
of the thick paper is increased to be larger than that in
the case of the plain paper. The surface temperature of
the heat roller 71 in the case of printing on the thick paper
ismore likely to be lowered than that in the case of printing
on the plain paper. If the print medium P is the thick paper,
the target temperature TGT is higher than the target tem-
perature TGT associated with the plain paper, taking into
consideration the amount of heat taken from the heat
roller 71 by the thick paper. Accordingly, the surface tem-
perature of the heat roller 71 can be easily maintained
at a predetermined temperature. If the print medium P is
thinner than the plain paper, the target temperature TGT
is lower than the target temperature TGT associated with
the plain paper.

[0106] In another example, the target temperature
TGT varies depending on the status of the printing proc-
ess. The example of the target temperature TGT accord-
ing to the status of the printing process will be described
later.

[0107] The difference comparison unit 86 performs a
difference calculation process. The correction tempera-
ture value WAE from the coefficient addition unit 84 and
the target temperature TGT from the target temperature
output unit 85 are input to the difference comparison unit
86. The difference comparison unit 86 compares the tar-
get temperature TGT and the corrected temperature val-
ue WAE. The difference comparison unit 86 calculates
a difference DIF based on the comparison between the
target temperature TGT and the corrected temperature
value WAE. The difference DIF is a difference between
the target temperature TGT and the corrected tempera-
ture value WAE. The difference DIF may also refer to a
signal indicating the difference between the target tem-
perature TGT and the corrected temperature value WAE.
The difference comparison unit 86 outputs the difference
DIF to the control duty generation unit 87. The difference
comparison unit 86 is an example of the comparison unit.
[0108] Herein, although the difference DIF is a value
obtained by subtracting the target temperature TGT from
the corrected temperature value WAE, but the reverse
may also be available. In the present example, the dif-
ference DIF is a negative value if the corrected temper-
ature value WAE is lower than the target temperature
TGT. If the corrected temperature value WAE is higher
than the target temperature TGT, the difference DIF is a
positive value. The difference DIF indicates the relation-
ship between the target temperature TGT and the cor-
rected temperature value WAE.
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[0109] The control duty generation unit 87 performs a
duty value generation process for generating the duty
value DUTY. The difference DIF from the difference com-
parison unit 86 is input to the control duty generation unit
87. The control duty generation unit 87 generates the
duty value DUTY based on the difference DIF. The duty
value DUTY is a duty value corresponding to the differ-
ence DIF. If the corrected temperature value WAE is
equal to the target temperature TGT, the duty value DU-
TY is a center value (reference value) of the duty. If the
corrected temperature value WAE is lower than the target
temperature TGT, the control duty generation unit 87 in-
creases the duty value from the center value of the duty
to increase the amount of energization power supplied
to the heater 73. The duty value DUTY is a value higher
than the center value of the duty. On the other hand, if
the corrected temperature value WAE is higher than the
target temperature TGT, the control duty generation unit
87 decreases the duty value from the center value of the
duty to decrease the amount of energization power sup-
plied to the heater 73. The duty value DUTY is a value
lower than the center value of the duty. The duty value
DUTY is areal number. For example, the duty value may
have a resolution of 0 to 100. The control duty generation
unit 87 outputs the duty value DUTY to the external limit
unit 88. The control duty generation unit 87 is an example
of the duty generation unit.

[0110] As described above, it can be said that the cor-
rected temperature value WAE is based on the temper-
ature estimation result EST and the temperature detec-
tion result Td. The difference DIF is a difference between
the target temperature TGT and the corrected tempera-
ture value WAE. Therefore, generating the duty value
DUTY based on the difference DIF includes generating
the duty value based on the temperature estimation result
EST, the temperature detection result Td, and the target
temperature TGT.

[0111] Theexternallimit unit88 performs limit process-
ing to limit the duty value DUTY. System protection in-
formation LMT from the processor 22 and the duty value
DUTY from the control duty generation unit 87 are input
to the external limit unit 88. The external limit unit 88
reflects system protection information LMT on the duty
value DUTY and generates the duty value LD based on
the duty value DUTY. Reflecting the system protection
information LMT on the duty value DUTY includes apply-
ing the system protection information LMT to the duty
value DUTY. If the duty value DUTY does not satisfy the
limitindicated by the system protection information LMT,
the external limit unit 88 limits the duty value DUTY by
reflecting the system protection information LMT on the
duty value DUTY. If the duty value DUTY satisfies the
limitindicated by the system protection information LMT,
the external limit unit 88 does not limit the duty value
DUTY even by reflecting the system protection informa-
tion LMT on the duty value DUTY. The external limit unit
88 outputs the duty value LD to the temperature estima-
tion unit 81 and the duty pulse conversion unit 89. The
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external limit unit 88 is an example of the limit unit.
[0112] The system protection information LMT is infor-
mation for limiting the duty value to protect the image
forming apparatus 1. The system protection information
LMT may also refer to a signal indicating information for
limiting the duty value to protect the image forming ap-
paratus 1. The system protection information LMT can
be changed by an instruction from the processor 22.
[0113] Inone example, the system protection informa-
tion LMT is information on at least one of the upper limit
value and the lower limit value of the duty value. The
upper limit of the duty value is a value determined based
on the power or current that can be supplied to the heater
73. The lower limit of the duty value can be set freely. If
the duty value DUTY exceeds the upper limit of the duty
value, the duty value DUTY does not satisfy the limit in-
dicated by the system protection information LMT. If the
duty value DUTY is smaller than the lower limit of the
duty value, the duty value DUTY does not satisfy the limit
indicated by the system protection information LMT. If
the duty value DUTY is the lower limit value or more and
the upper limit value or less of the duty value, the duty
value DUTY satisfies the limit indicated by the system
protection information LMT.

[0114] For example, the upper limit of the duty value
is assumed to be 85, and the lower limit is assumed to
be 0. A case where the duty value DUTY is 90 will be
described. Since the duty value DUTY exceeds the upper
limit of the duty value, the duty value DUTY does not
satisfy the limit indicated by the system protection infor-
mation LMT. The external limitunit 88 limits the duty value
DUTY by reflecting the system protection information
LMT on the duty value DUTY. The external limit unit 88
generates the duty value LD based on the duty value
DUTY. The duty value LD is a duty value after limitation.
The duty value after limitation is 85 corresponding to the
upper limit of the duty value. A case where the duty value
DUTY is 80 will be described. Since the duty value DUTY
is the lower limit value or more and the upper limit value
or less of the duty value, the duty value DUTY satisfies
the limit indicated by the system protection information
LMT. The external limit unit 88 does not limit the duty
value DUTY even if the duty value DUTY reflects the
system protectioninformation LMT. The external limit unit
88 generates the duty value LD based on the duty value
DUTY. The duty value LD is 80, which is the same as
the duty value DUTY.

[0115] In another example, the system protection in-
formation LMT is information instructing to stop the image
forming apparatus 1 to avoid danger. If the duty value
DUTY is a value other than 0, the duty value DUTY does
not satisfy the limit indicated by the system protection
information LMT. Here, the external limit unit 88 limits
the duty value DUTY by reflecting the system protection
information LMT on the duty value DUTY. The external
limit unit 88 generates the duty value LD based on the
duty value DUTY. The duty value LD is a duty value after
limitation. The duty value after limitation is O. If the duty
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value DUTY is 0, the duty value DUTY satisfies the limit
indicated by the system protection information LMT.
Here, the external limit unit 88 does not limit the duty
value DUTY even if the external limit unit reflects the
system protection information LMT on the duty value DU-
TY. The external limit unit 88 generates the duty value
LD based on the duty value DUTY. The duty value LD is
0, which is the same as the duty value DUTY.

[0116] The duty pulse conversion unit 89 performs a
generation process for generating an energization pulse
Ps for controlling the power supplied to the heater 73
based on the duty value LD. The energization pulse Ps
is a pulse signal for controlling the power supplied to the
heater 73. The energization pulse Ps is a gate signal of
a triac. The duty value LD from the external limit unit 88
is input to the duty pulse conversion unit 89. The duty
pulse conversion unit 89 converts the duty value LD into
an energization pulse train. The duty pulse conversion
unit 89 generates the energization pulse Ps constituting
the energization pulse train. The duty pulse conversion
unit 89 outputs the energization pulse Ps to the power
supply circuit 90. The duty pulse conversion unit 89 is an
example of the signal generation unit generating the en-
ergization pulse Ps.

[0117] As described above, the duty value LD may be
a duty value after limitation by the external limit unit 88.
Therefore, generating and outputting the energization
pulse Ps based on the duty value LD includes generating
and outputting the energization pulse Ps based on the
duty value after limitation by the external limit unit 88.
The generating and outputting the energization pulse Ps
based on the duty value LD is an example of generating
and outputting the energization pulse Ps based on the
duty value DUTY.

[0118] The duty pulse conversion unit 89 may select a
duty pattern based on the duty value LD and generate
the energization pulse Ps according to the selected duty
pattern. The duty pattern is a pattern corresponding to
the duty value. The duty pattern indicates the energiza-
tion pulse train configured with a value of "0" or "1" values
aligned according to the duty value. "1" indicates a con-
duction (ON) signal. "0" indicates a cutoff (OFF) signal.
The number of the value "1" varies depending on the duty
value. The duty pattern may be stored in the memory 23.
[0119] Theduty pulse conversionunit89 may generate
the energization pulse Ps in asynchronization with the
system operation. Specifically, the duty pulse conversion
unit 89 may adjust a pulse frequency and an issuing time
of the energization pulse Ps according to the AC voltage
frequency of 50 Hz/60 Hz. The duty pulse conversion
unit 89 acquires an AC voltage phase and performs a
synchronous output process of outputting the energiza-
tion pulse Ps constituting the energization pulse train in
synchronization with the AC voltage based on the AC
voltage phase. The duty pulse conversion unit 89 outputs
the energization pulse Ps in synchronization with zero
crossing of the AC voltage.

[0120] The power supply circuit 90 supplies the ener-
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gization power PC to the heater 73 based on the ener-
gization pulse Ps. The power supply circuit 90 energizes
the heater 73 of the fixing device 21 by using an AC volt-
age supplied from an AC voltage source (not illustrated).
The power supply circuit 90 supplies the energization
power PC to the heater 73 by, for example, switching
between the state in which the AC voltage from the AC
voltage source is supplied to the heater 73 and the state
in which the AC voltage is not supplied, based on the
energization pulse Ps. That is, the power supply circuit
90 changes an energization time for the heater 73 of the
fixing device 21 according to the energization pulse Ps.
[0121] Note that the power supply circuit 90 may be
configured integrally with the fixing device 21. That is,
the heater energization control circuit 14 may be config-
ured to supply the energization pulse Ps to the power
supply circuit of the heater 73 of the fixing device 21 in-
stead of supplying the energization power PC to the heat-
er73.

[0122] As described above, the heater energization
control circuit 14 adjusts the amount of power supplied
to the heater 73 of the fixing device 21. Accordingly, the
heater energization control circuit 14 controls the surface
temperature of the heat roller 71 heated by the heater
73.Such controlisreferred to herein as weighted average
control with estimate temperature (WAE control).
[0123] Note that each of the temperature estimation
unit 81, the estimation history holding unit 82, the high
frequency component extraction unit 83, the coefficient
addition unit 84, the target temperature output unit 85,
the difference comparison unit 86, the control duty gen-
eration unit 87, and the external limit unit 88, and duty
pulse conversion unit 89 of the heater energization con-
trol circuit 14 may be configured with an electric circuit
or may be configured by software. When configured by
software, the above-mentioned components may be re-
alized by executing a program stored in the memory by
the processor 22 or a processor different from the proc-
essor 22. The processor is, for example, a processing
circuit such as a CPU.

[0124] The thermal circuit representing heat transfer
for obtaining the temperature estimation result EST will
be described.

[0125] FIG. 3isadiagramillustrating the thermal circuit
representing the heat transfer for obtaining the temper-
ature estimation result EST.

[0126] The heat transfer can be represented by the
thermal circuit equivalent to a CR time constant (C is
capacitance, and R is resistance) of an electric circuit.
The thermal circuit is configured with V, C, and R ele-
ments.

[0127] A heat source V1 is equivalent to a DC voltage
source in the electrical circuit. A heating resistance R1
is equivalent to a variable resistance in the electrical cir-
cuit. The heating resistance R1 uses the duty value LD
as a variable factor. For example, if the duty value indi-
cated by the duty value LD is 100%, the heating resist-
ance R1is assumed to remain at R. Herein, for example,
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R is assumed to be 100 Q. If the duty value indicated by
the duty value LD is 0%, the heating resistance Ra is
assumed to be 100 S2 * 10,000,000 (extremely large
value). If the duty value indicated by the duty value LD
is larger than 0 and smaller than 100, the heating resist-
ance R1 is assumed to be 100 S2 * (duty value LD/100).
A heater capacitance C1 together with the heating resist-
ance R1forms afirst CR time constant circuit. The heater
capacitance C1 is updated to the temperature at the cur-
rent time by referring to the estimation history PREV be-
fore a minute time dt.

[0128] A heatdissipation resistance R2 is a resistance
value if heat escapes from the heat roller 71 to a space
inside the fixing device 21. A unit capacitance C2 together
with the heat dissipation resistance R2 forms a second
CR time constant circuit. The unit capacitance C2 is up-
dated to the temperature at the current time by referring
to the estimation history PREV before dt.

[0129] Anoutside air resistance R3 is a resistance val-
ue of a path through which heat escapes from the space
(outside of the heat roller 71) inside the fixing device 21
to the outside air. An outside air temperature V2 is equiv-
alent to the DC voltage source in the electrical circuit. A
relationship between the heat source V1 and the outside
air temperature V2 is that heat source V1 > outside air
temperature V2. Specifically, the relationship between
the heat source V1 and the outside air temperature V2
before startup is heat source V1 = outside air temperature
V2, and the relationship between the heat source V1 and
the outside air temperature V2 during the operation is
heat source V1 > outside air temperature V2.

[0130] For example, the temperature estimation unit
81 performs real-time simulation of the thermal circuit as
described above by using the law of energy conservation
based on the estimation history PREV and the duty value
LD. The temperature estimation unit 81 derives a C1 volt-
age (temperature) as an estimation of the surface tem-
perature of the heat roller 71 by real-time simulation of
the thermal circuit. The temperature estimation unit 81
generates the C1 voltage (temperature) as the temper-
ature estimation result EST at the current time.

[0131] Hereinafter, the WAE control will be described
in detail.
[0132] FIG.4isaflowchartillustrating the WAE control.

FIGS. 5 and 6 are explanatory diagrams illustrating each
signal and the like in the WAE control. The horizontal
axes in FIGS. 5 and 6 indicate time. The vertical axes in
FIGS. 5 and 6 indicate temperature.

[0133] The heater energization control circuit 14 ac-
quires an internal body temperature of the image forming
apparatus 1 (ACT1). Note that, since the internal body
temperature changes slowly, the frequency of obtaining
the internal body temperature by the heater energization
control circuit 14 may be low.

[0134] The heater energization control circuit 14 ac-
quires the current temperature detection result Td from
the temperature sensor 74 (ACT2).

[0135] Asillustratedin FIG. 5, there is a difference be-
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tween the temperature detection result Td and an actual
surface temperature of the heat roller 71. Since the sur-
face temperature of the heat roller 71 is intermittently
heated by the heater 73, the surface temperature chang-
es in short cycles. On the other hand, the temperature
sensor 74 may have poor responsiveness to temperature
changes due to the own heat capacitance of the temper-
ature sensor itself and characteristics of a temperature-
sensitive material. In particular, cheaper temperature
sensors tend to have poorer responsiveness. As a result,
the temperature detection result Td cannot accurately
follow the actual surface temperature of the heat roller
71. Thatis, the temperature detection result Td is detect-
ed by the temperature sensor 74 after being delayed with
respect to the surface temperature of the heat roller 71.
The temperature detection result Td is detected by the
temperature sensor 74 in a smoothed state without re-
producing a fine change in the surface temperature of
the heat roller 71.

[0136] Thetemperature estimation unit81 acquiresthe
estimation history PREV before dt from the estimation
history holding unit 82 (ACT3).

[0137] The difference comparison unit 86 acquires the
target temperature TGT from the target temperature out-
put unit 85 (ACT4).

[0138] The temperature estimation unit 81 acquires
parameters corresponding to the V, C, and R elements
constituting the thermal circuit described above (ACT5).
[0139] The temperature estimation unit 81 calculates
an amount of heat inflow (ACT6). In ACT6, for example,
the temperature estimation unit 81 calculates the amount
of heat inflow based on V1 and R on the input side and
the duty value LD. The amount of heat inflow can be
calculated by | = R/V1 * (100/duty value LD). If the duty
value indicated by the duty value LD is 0%, the heating
resistance R1 is o, and thus, the heat inflow from the
input side is zero. On the other hand, if the duty value
indicated by the duty value LD is 100%, it is | = R/V1,
and the heat inflow from the input side becomes largest.
[0140] The temperature estimation unit 81 acquires
Vb, which is a value corresponding to the surface tem-
perature of the heat roller 71, from the acquired estima-
tion history PREV (ACT7).

[0141] The temperature estimation unit 81 calculates
an increase in Vb after dt due to the heat inflow from the
law of energy conservation (ACT8).

[0142] The temperature estimation unit 81 acquires
Ve, which is equivalent to the temperature inside the
housing of the image forming apparatus 1, from the ac-
quired estimation history PREV (ACT9).

[0143] The temperature estimation unit 81 calculates
an amount of heat outflow (ACT10). In ACT10, for exam-
ple, the temperature estimation unit 81 calculates a tem-
perature difference (Vb - Ve) between the surface tem-
perature of the heat roller 71 and the temperature inside
the housing. The temperature estimation unit 81 calcu-
lates the amount of heat outflow defined by the heat dis-
sipation resistance R2 with respect to the temperature
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difference (Vb - Ve).

[0144] The temperature estimation unit 81 calculates
a Vb drop after dt due to the heat outflow from the law of
energy conservation (ACT11).

[0145] The temperature estimation unit 81 calculates
Vc after dt (ACT11). Vc after dt corresponds to the tem-
perature estimation result EST. In ACT11, for example,
the temperature estimation unit 81 calculates Vc after dt
by Vc = history value of Vc + increase of Vb - decrease
of Vb. The history value of Vc is a value of Vc before dt.
In other words, Vc after dt is a value obtained by adding
the value obtained by subtracting the decrease of Vb
from the increase of Vb to the value of Vc before dt.
[0146] Asillustrated in FIG. 5, the temperature estima-
tion result EST appropriately follows a change in the ac-
tual surface temperature of the heat roller 71. However,
since the temperature estimation result EST is a simula-
tion result, there is a possibility that the absolute value
may differ from the actual surface temperature of the heat
roller due to the differences in conditions or the like.
[0147] The high frequency component extraction unit
83 differentiates Vc corresponding to the temperature
estimation result EST in time and extracts the change
(ACT12).

[0148] The high frequency component extraction unit
83 integrates the differential value and configures a high
pass filter (ACT13). The high frequency component ex-
traction unit 83 cancels DC components in the tempera-
ture estimation result EST by using the high pass filter
and extracts only the high frequency component. The
high frequency component extraction unit 83 generates
the high frequency component HPF.

[0149] Asillustratedin FIG. 5, the high frequency com-
ponent HPF appropriately follows a change in the actual
surface temperature of the heat roller 71.

[0150] The coefficient addition unit 84 acquires the
temperature detection result Td at the current time from
the temperature sensor 74 (ACT15).

[0151] The coefficient addition unit 84 calculates the
corrected temperature value WAE (ACT16). In ACT16,
for example, the coefficient addition unit 84 obtains the
value obtained by (Td + K * HPF) as the corrected tem-
perature value WAE.

[0152] FIG. 6 is an explanatory diagram illustrating an
example of the actual surface temperature of the heat
roller 71, the temperature detection result Td, and the
corrected temperature value WAE. In the WAE control,
a minute change in the surface temperature of the heat
roller 71 is estimated based on the temperature detection
result Td and the high frequency component HPF of the
temperature estimation result EST. Therefore, as illus-
trated in FIG. 6, the corrected temperature value WAE
is a value appropriately following the surface temperature
of the heat roller 71.

[0153] The estimation history holding unit 82 over-
writes the estimation history PREV with the temperature
estimation result EST (ACT17).

[0154] The difference comparison unit 86 calculates
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the difference DIF based on the comparison between the
target temperature TGT and the corrected temperature
value WAE (ACT18).

[0155] The control duty generation unit 87 generates
the duty value DUTY based on the difference DIF
(ACT19).

[0156] The external limit unit 88 reflects the system
protection information LMT on the duty value DUTY to
limit the duty value (ACT20). In ACT20, for example, the
external limit unit 88 generates the duty value LD based
on the duty value DUTY by reflecting the system protec-
tion information LMT on the duty value DUTY.

[0157] The duty pulse conversion unit 89 converts the
duty value LD into the energization pulse train (ACT21).
The duty pulse conversion unit 89 generates the ener-
gization pulse Ps constituting the energization pulse
train.

[0158] The duty pulse conversion unit 89 outputs the
energization pulse Ps constituting the energization pulse
train in synchronization with the AC voltage (ACT22).
[0159] The processor 22 of the system controller 13
determines whether the processor received a WAE con-
trol stop command (ACT23). If the processor 22 did not
receive the WAE control stop command, the process
transitions from ACT23 to ACT2. If the processor 22 re-
ceived the WAE control stop command, the processor
ends the process.

[0160] As described above, when performing process-
ing of a certain cycle (corresponding cycle), the heater
energization control circuit 14 performs the WAE control
based on values (duty value LD and temperature esti-
mation result EST: estimation history PREV) in the pre-
vious cycle and the temperature detection result Ts in
the corresponding cycle. That is, the heater energization
control circuit 14 inherits the value in the next cycle. The
heater energization control circuit 14 recalculates the
temperature estimation calculation based on the history
of the previous calculation. Therefore, the heater ener-
gization control circuit 14 is always performing calcula-
tions during the operation. In the heater energization con-
trol circuit 14, the calculation result is stored in the mem-
ory or the like and reused in the calculation of the next
cycle.

[0161] FIG. 6 is an explanatory diagram illustrating a
cycle of the processing in the heater energization control
circuit 14. The horizontal axis of FIG. 6 indicates time.
For example, the temperature estimation unit 81 per-
forms the temperature estimation process at time t(n),
performs the next temperature estimation process at
t(n+1) after the time advanced by dt, and performs the
temperature estimation process at t (n+2) after the time
further advanced by dt. Thus, the temperature estimation
unit 81 repeatedly performs the temperature estimation
process. The temperature estimation unit 81 uses the
previous temperature estimation result EST for new tem-
perature estimation in the temperature estimation proc-
ess each cycle.

[0162] Attime t(n), the temperature detection result Td
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attime t(n), the duty value LD attime t(n-1) in the previous
time, and the temperature estimation result EST (estima-
tion history PREV) at time t(n-1) in the previous time are
used. The temperature estimation unit 81 performs
processing based on the input signal and outputs the
temperature estimation result EST at time t(n). The high
frequency component extraction unit 83, the coefficient
addition unit 84, the target temperature output unit 85,
the difference comparison unit 86, the control duty gen-
eration unit 87, the external limit unit 88, and the duty
pulse conversion unit 89 perform processing based on
the input signals, and the duty pulse conversion unit 89
outputs the energization pulse Ps at the time t(n).
[0163] Attime t(n+1), the temperature detection result
Td newly detected at time t(n+1), the duty value LD at
time t(n), and the estimation history PREV which is the
temperature estimation result EST at time t(n) are used.
The temperature estimation unit 81 performs processing
based on the input signal and outputs the temperature
estimation result EST at time t(n+1). The high frequency
component extraction unit 83, the coefficient addition unit
84, the target temperature output unit 85, the difference
comparison unit 86, the control duty generation unit 87,
the external limit unit 88, and the duty pulse conversion
unit 89 perform processing based on the input signals,
and the duty pulse conversion unit 89 outputs the ener-
gization pulse Ps at the time t(n+1).

[0164] Attime t(n+2), the temperature detection result
Td newly detected at time t(n+2), the duty value LD at
time t(n+1), and the estimation history PREV which is the
temperature estimation result EST attime t(n+1) are input
to the temperature estimation unit 81. The temperature
estimation unit 81 performs processing based on the in-
put signal and outputs the temperature estimation result
EST at time t(n+2). The high frequency component ex-
traction unit 83, the coefficient addition unit 84, the target
temperature output unit 85, the difference comparison
unit 86, the control duty generation unit 87, the external
limit unit 88, and the duty pulse conversion unit 89 per-
form processing based on the input signals, and the duty
pulse conversion unit 89 outputs the energization pulse
Ps at the time t(n+2).

[0165] Note that the above-described time interval dt
may be a fixed value or may be configured to be set in
initial value setting. For example, the time interval dt is
set at 100 [msec].

[0166] The target temperature TGT according to the
status of the printing process will be described.

[0167] FIG. 8 is an explanatory diagram illustrating an
example of the target temperature TGT according to the
status of the printing process.

[0168] The horizontal axis of FIG. 8 indicates time. The
vertical axis in FIG. 8 indicates temperature. A solid line
indicates the target temperature TGT. A dashed line in-
dicates the actual surface temperature of the heat roller
71.

[0169] A statusofthe printing process includes various
statuses related to the printing process. For example, the
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status of the printing process includes inrush current pre-
vention, startup heating, ready, printing start, printing in
progress, energy saving ready, and the like, but not lim-
ited thereto. The target temperatures TGT for the respec-
tive statuses are different from each other. The target
temperatures TGT for the respective statuses may be
determined in advance or may be variable.

[0170] In the status of the inrush current prevention,
the target temperature TGT is set to increase step by
step so that the large current does not suddenly flow. In
the status of the startup heating, the target temperature
TGT is set high to quickly reach a reference temperature
suitable for printing. In the status of ready, the target tem-
perature TGT is set to be slightly lower than the target
temperature TGT in the status of the startup heating to
save energy after printing is ready. In the status of the
printing start, the target temperature TGT is set to be
higher than the target temperature TGT in the status of
the printing-in-progress from the little before printing so
that the temperature does not drop at the beginning of
printing. In the status of the printing-in-progress, the tar-
get temperature TGT is set to the reference temperature
suitable for printing. In the status of the energy saving
ready, if ready continues for the long time, the target tem-
perature TGT is set to be lower than the target temper-
ature TGT in the status of ready.

[0171] The relationship between the difference DIF
and the duty value DUTY will be described.

[0172] FIG. 9 is a diagram illustrating the relationship
between the difference DIF and the duty value DUTY.
[0173] The horizontal axis of FIG. 9 indicates the dif-
ference DIF. The vertical axis in FIG. 9 indicates the duty
value DUTY. The solid line indicates the relationship be-
tween the difference DIF and the duty value DUTY.
[0174] Herein, the center value of the duty which is the
duty value DUTY if the difference DIF is O is assumed to
be set to 45%. The maximum value of the difference DIF
is assumed to be set to 1, and the minimum value of the
difference DIF is assumed to be set to -1. The duty value
DUTY is assumed to be set to 0 if the difference DIF is
the maximum value. The duty value DUTY is assumed
to be setto 100 if the difference DIF is the minimum value.
The relationship between the difference DIF and the duty
value DUTY is assumed to be expressed as a linear func-
tion based on the above-described settings. In the
present example, it is duty value DUTY = 45 - difference
DIF * slope (45/1).

[0175] Ifthe corrected temperature value WAE is lower
than the target temperature TGT, the duty value DUTY
is a value higher than the center value of the duty. On
the other hand, if the corrected temperature value WAE
is higher than the target temperature TGT, the duty value
DUTY is a value lower than the center value of the duty.
The control duty generation unit 87 generates the duty
value DUTY based on the difference DIF for each
processing cycle by using the relationship between the
difference DIF and the duty value DUTY illustrated in
FIG. 9.
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[0176] The energization pulse train generated by the
duty pulse conversion unit 89 will be described.

[0177] FIG. 10is adiagramillustrating the energization
pulse train generated by the duty pulse conversion unit
89.

[0178] Herein, the energization pulse train is assumed
to be represented by 10 pulses. One pulse is assumed
to be 10 ms. Each square indicates one pulse. The
hatched squares are energization pulses Ps indicating
"1" of the conduction (ON) signal. The white square in-
dicates "0" of the cutoff (OFF) signal. If the duty DUTY
is 0%, the ten squares indicating the energization pulse
train are all white squares. Therefore, the energization
pulse train of 100 ms is a signal of "0" for 100% of 100
ms. If the duty DUTY is 20%, the ten squares indicating
the energization pulse train include two hatched squares.
Therefore, the energization pulse train of 100 ms has a
signal of "1" for 20% of 100 ms and a signal of "0" for
80% of 100 ms. If the duty DUTY is 50%, the ten squares
indicating the energization pulse ftrain include five
hatched squares. Therefore, the energization pulse train
of 100 msis a signal of "1" for 50% of 100 ms and a signal
of "0" for 50% of 100 ms. If the duty DUTY is 50%, the
ten squares indicating the energization pulse train in-
clude eight hatched squares. Therefore, the energization
pulse train of 100 ms is a signal of "1" for 80% of 100 ms
and a signal of "0" for 20% of 100 ms. If the duty DUTY
is 100%, the ten squares indicating the energization
pulse train are all hatched squares. Therefore, the ener-
gization pulse train of 100 ms is a signal of "1" for 100%
of 100 ms.

[0179] The relationship between the duty value and
the generated power and the relationship between the
energization pulse train and the generated power will be
described.

[0180] FIG. 11is adiagram illustrating the relationship
between the duty value and the generated power and
the relationship between the energization pulse train and
the generated power.

[0181] The horizontal axis of FIG. 11 indicates the duty
value. The vertical axis in FIG. 11 indicates the amount
of power.

[0182] According to the relationship between the duty
value and the generated power and the relationship be-
tween the pulse train and the generated power, it can be
seen that the duty value and the pulse train have a pro-
portional relationship. Note that the resistance value of
the heat roller 71 is set to be constant. If the resistance
value of the heat roller 71 changes, the relationship be-
tween the duty value and the electric energy may be cor-
rected by using the table. Even then, the relationship be-
tween the duty value and the pulse train is a proportional
relationship. Therefore, it can be seen that the duty value
can be used instead of the energization pulse Ps for the
temperature estimation unit 81 to generate the temper-
ature estimation result EST.

[0183] The example of duty value sampling will be de-
scribed.
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[0184] FIG. 12 is a diagram illustrating an example of
the duty value sampling according to an embodiment.
[0185] As can be seen from the comparison between
the duty value indicated by the duty value LD illustrated
in FIG. 12 and the duty value detection result, the proc-
essor uses the self-generated duty value, so that the duty
value is detected without delay. As can be seen from the
sampling intervals illustrated in FIG. 12, since the proc-
essor uses self-generated duty values, the processor
does not require high speed sampling.

[0186] Next, the WAE control described above will be
described by using specific numerical examples.

[0187] The parameters corresponding to the V, C, and
R elements constituting the thermal circuit illustrated in
FIG. 3 are as follows.

[0188] The heat source V1 is 500 + 273 (Kelvin). The
outside air temperature V2 is 25 + 273 (Kelvin). The heat-
ing resistance R1 is assumed to be set to be 10 (Q2). The
heat dissipation resistance R2 is 2 (Q2). The outside air
resistance R3 is 5 (Q2). The heater capacitance C1is 10
(F). The unit capacitance C2 is 100 (F).

[0189] Here, each value in the WAE control is as fol-
lows.
[0190] The temperature estimation result EST is 126

+ 273 (Kelvin). The temperature detection result Td is
115 + 273 (Kelvin). The high frequency component HPF
is 5 (Kelvin). The coefficient K is 1. The corrected tem-
perature value WAE is Td + K* HPF = 115 + 273 + 5 *
1. The targettemperature TGT is 118 + 273 (Kelvin). The
differential DIF is WAE - TGT = 2. The duty value DUTY
is 48. The duty value LD is 50 if the energization pulse
train is represented by 10 pulses. Here, the energization
pulses Ps include 5 out of 10 pulses representing the
energization pulse train. If the energization pulse train is
represented by 100 pulses, the duty value LD is 48. In
this case, 48 of 100 pulses representing the energization
pulse train are energization pulses Ps.

[0191] Note that the temperature estimation unit 81
may take AC voltage fluctuations into consideration.
[0192] If the AC voltage is 100 V, E1 is 400, and R1 is
100 Q. Note that the duty value indicated by the duty
value LD is 100%. Here, the input power is E1 X E1/R1
= 1600 (Watt).

[0193] If the AC voltage is 110 V, E1 is 400 * 110/100
=440,and R1is 100 Q. Note that the duty value indicated
by the duty value LD is assumed to be 100%. Here, the
input power is E1 * E1/R1 = 1936 (Watt).

[0194] If the AC voltage is 90 V, E1 is assumed to be
400 * 90/100 = 360, and R1 is assumed to be 100 Q.
Note that the duty value indicated by the duty value LD
is assumed to be 100%. Here, the input power is E1 *
E1/R1 = 1296 (Watt).

[0195] As described above, the image forming appa-
ratus 1 includes the fixing device 21 having the heat roller
71 heating the toner image formed on the print medium
P to fix the toner image on the print medium P, the heater
73 heating the heatroller 71, and the temperature control
device (heater energization control circuit 14). The heater
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energization control circuit 14 controls the temperature
of the heat roller 71 to which heat is propagated from the
heater 73 by supplying power to the heater 73. The heater
energization control circuit 14 includes the temperature
estimation unit 81 estimating the temperature of the heat
roller 71. The heater energization control circuit 14 in-
cludes the control duty generation unit 87 generating the
duty value DUTY based on the temperature estimation
result EST by the temperature estimation unit 81, the
temperature detection result Td of the heat roller 71 by
the temperature sensor 74, and the target temperature
TGT. The heater energization control circuit 14 includes
the duty pulse conversion unit 89 outputting the ener-
gization pulse Ps for controlling the power supplied to
the heater 73 based on the duty value DUTY. The tem-
perature estimation unit 81 estimates the temperature of
the heat roller 71 based on the duty value DUTY.
[0196] The temperature estimation unit 81 estimates
the temperature of the heatroller 71 based on the history
of the temperature estimation results EST and the duty
value DUTY.

[0197] The control duty generation unit 87 calculates
the duty value DUTY based on the difference DIF be-
tween the target temperature TGT and the corrected tem-
perature value WAE based on the temperature estima-
tion result EST and the temperature detection result Td.
[0198] According to such a configuration, the temper-
ature control device can realize simple feedback control
effective for the WAE control and speed up the feedback
control. The temperature control device enables highly
accurate temperature control through the WAE control
and effective feedback control for the WAE control. Ac-
cordingly, the temperature control device can reduce cost
of the temperature sensor 74 and prevent temperature
ripples and the like from occurring. Since the temperature
control device estimates the temperature of the heat roll-
er 71 based on the duty value DUTY, even if the frequen-
cy of the energization pulse is high, there is no need for
a mechanism for detecting a change in the pulse. There-
fore, since the temperature control device does not re-
quire high speed sampling, an increase in processing
load can be prevented. Accordingly, the temperature
control device can be realized with an inexpensive proc-
essor. The temperature control device can be easily im-
plemented in firmware.

[0199] The heater energization control circuit 14 in-
cludes the external limit unit 88 limiting the duty value
DUTY. The duty pulse conversion unit 89 outputs the
energization pulse Ps based on the duty value after lim-
itation by the external limit unit 88. The temperature es-
timation unit 81 estimates the temperature of the heat
roller 71 based on the duty value after the limitation.
[0200] According to such a configuration, the temper-
ature control device can avoid danger to the image form-
ing apparatus 1 by limiting the duty value DUTY.
[0201] Note that the temperature control device de-
scribed above is not limited to being applied to the image
forming apparatus 1. The temperature control device can
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be employed to various devices that use heat. For ex-
ample, the temperature control device can be employed
to copy machines, multifunction machines, or printers
melting toner by heat. The temperature control device
can be employed to a furnace in which temperature is
maintained constant or changed gradually and a single
crystal material manufacturing machine in which a crystal
is pulled up from a melting furnace and grown. The tem-
perature control device can be employed to color thermal
printers changing colors depending on temperature. The
temperature control device can be employed to melting
furnaces producing alloys. In a case of a copy machine
or a color thermal printer, a printing quality can be ex-
pected to be improved such that printing is clear and the
color does not change over time even if a large amount
of printing is performed. With respect to melting furnaces,
since temperature can be controlled accurately, it is ex-
pected to improve a yield of manufactured products, im-
prove crystal quality (decrease in crystal defect ratio),
and improve performance of alloys.

[0202] Note thatthe functions described in each of the
above-described embodiments can be implemented not
only by using hardware, but also by causing a computer
to read a program describing each function by using soft-
ware. Each function may be configured by selecting ei-
ther software or hardware as appropriate.

[0203] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form ofthe embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.

Claims
1. A temperature control device, comprising:

a temperature estimation component config-
ured to estimate the temperature of the temper-
ature controlled target of a temperature control-
led target to which heat is propagated by sup-
plying power to a heater;

a duty generation component configured to gen-
erate a duty value based on a temperature es-
timation result by the temperature estimation
component, a temperature detection result of
the temperature controlled target by a temper-
ature sensor, and a target temperature; and

a signal generation component configured to
outputan energization pulse to control the power
supplied to the heater based on the duty value,
wherein
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the temperature estimation componentis further
configured to estimate the temperature of the
temperature controlled target based on the duty
value.

The temperature control device according to claim
1, wherein the temperature estimation component
estimates the temperature of the temperature con-
trolled target based on a history of the temperature
estimation result and the duty value.

The temperature control device according to claim
1 or 2, further comprising a limit component config-
ured to limit the duty value, wherein

the signal generation component outputs the en-
ergization pulse based on the duty value after
limitation by the limit component, and

the temperature estimation component esti-
mates the temperature of the temperature con-
trolled target based on the duty value after the
limitation.

The temperature control device according to any of
claims 1 to 3, wherein the duty generation compo-
nent calculates the duty value based on a difference
between the target temperature and a corrected tem-
perature value based on the temperature estimation
result and the temperature detection result.

The temperature control device according to any of
claims 1 to 4, wherein the temperature estimation
component estimates a surface temperature of a
heat roller.

The temperature control device according to any of
claims 1 to 5, further comprising a difference com-
parison component configured to perform a differ-
ence calculation process.

The temperature control device according to claim
6, wherein the difference calculation process in-
volves comparing the target temperature and a cor-
rected temperature value.

An image forming apparatus, comprising:

a fixing device having a fixing rotator configured
to heat a toner image formed on a medium to fix
the toner image on the medium; and

aheater configured to heat the fixing rotator; and
a temperature controller configured to control a
temperature of the fixing rotator to which heat is
propagated by supplying power to the heater,
wherein

the temperature controller includes a tempera-
ture control device according to any of claims 1
to 7, wherein the temperature controlled target
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10.

1.

12.

13.

14.

32
includes the fixing rotator.
A temperature control method, comprising:

supplying power to a heater to change a tem-
perature of a temperature controlled target;
estimating the temperature of the temperature
controlled target;

generating a duty value based on a temperature
estimation result, a temperature detection result
of the temperature controlled target by a tem-
perature sensor, and a target temperature;
outputting an energization pulse for controlling
the power supplied to the heater based on the
duty value; and

estimating the temperature of the temperature
controlled target based on the duty value.

The temperature control method according to claim
9, wherein estimating the temperature of the tem-
perature controlled target is based on a history of
the temperature estimation result and the duty value.

The temperature control method according to claim
9 or 10, further comprising:

limiting the duty value;

outputting the energization pulse based on the
duty value after limitation; and

estimating the temperature of the temperature
controlled target based on the duty value after
limitation.

The temperature control method according to any of
claims 9 to 11, wherein calculating the duty value
based on a difference between the target tempera-
ture and a corrected temperature value is based on
the temperature estimation result and the tempera-
ture detection result.

The temperature control method according to any of
claims 9to 12, further comprising calculating the duty
value based on a difference between the target tem-
perature and a corrected temperature value based
on the temperature estimation result and the tem-
perature detection result.

The temperature control method according to any of
claims 9 to 13, further comprising estimating a sur-
face temperature of a heat roller.
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